Introduction
============

By 2016, as much as 11.40% of the Chinese population was over 65 years of age, which comprises one of the most important public issues in China today.[@b1-cia-14-361] Accompanying this aging population is chronic degenerative disease, which might require spinal surgery. Its incidence is expected to increase along with the increasing aged population.[@b2-cia-14-361] Studies worldwide have reported similar trends attributable to the country's particular demographics and health care systems. In developed countries, such as England and the USA, dramatically increasing trends in surgery for degenerative lumbar spine disease have been identified.[@b3-cia-14-361],[@b4-cia-14-361]

China can claim the largest aging population in the world and is now facing the increasing burden of spinal degenerative disease (SDD); yet, few published studies have investigated the longitudinal trends in surgical procedures for SDD in China. In addition, although not widely accepted, some studies suggested that the risk of developing a surgical site infection (SSI) associated with spine surgery is higher during summer.[@b5-cia-14-361],[@b6-cia-14-361] To our best acknowledge, however, no study has focused on possible seasonality effect on spine surgery in the Chinese population.

Therefore, we aimed to examine trends in spine surgery, particularly those for SDD, over the past decade to clarify the demographics of the disease and its treatment patterns. We also explored a possible seasonal variation for this surgery.

Materials and methods
=====================

Participants
------------

In northern China, the Department of Orthopedics at Peking University Third Hospital is the major center for spine surgery, which ranks among the top three centers nationally in the annual number of spinal operations performed. For the present study, the inpatient medical records from our Department of Orthopedics from January 1, 2003 to December 31, 2016 were evaluated. Only hospitalized patients with SDD who underwent spinal surgery were enrolled in this study. Non-Chinese patients and those under 19 years of age were excluded. SDD patients who had been hospitalized and undergone surgery more than once were included in the study, but using only the data from their first hospitalization.

The Ethics Committee of Peking University Third Hospital approved this study (IRB00006761-M2018082). The study was performed under the guidance of the Helsinki Declaration for protecting the confidentiality of patient data. Participant informed consent was waived because this research involved no more than minimal risk of exposure.

Data source
-----------

The age, sex, and diagnosis of the patients were retrieved from their medical records. SDD diagnosis was subdivided into cervical (CDD), thoracic (TDD), and lumbar (LDD) degenerative diseases. Doctors in the orthopedics department made the diagnosis, and it was coded by the staff of the Medical Records Department based on the ICD, Tenth Revision, Clinical Modification (ICD-10). The codes relevant to SDD in our study were as follows: M47.0, M47.1, M47.2, M47.8, M47.9, M48.0, M48.9, M50.0, M50.1, M50.2, M50.3, M51.0, M51.1, M51.2, M51.3. Inpatient medical records in this research were collected from the Peking University Third Hospital electronic medical system by searching ICD-10 diagnosis codes. Patients who had not undergone surgery were excluded.

Statistical analysis
--------------------

Descriptive analysis was performed to reveal the composition of the SDD subtypes, between sex and different age groups. The regression analysis focused on accessing the trends in mean age at surgery, sex, and average hospitalization day during the study period. Regression models (linear and inverse proportion regression) were used, with demographic characteristics as the dependent variables and the calendar year index as the independent variable.

We also used time series analysis to explore the possible seasonal fluctuation in the number of spinal operations by adopting the Holt--Winters (HW) seasonal additive model. We split the total time series into two subsets before the final calculation: the training set and the testing set. The analysis was performed as follows: Data preparation: The SDD patients enrolled monthly who underwent a spinal operation from January 1, 2003 to December 31, 2015 were considered for the training set, whereas the remaining patients (from January 1, 2016 to December 31, 2016) formed the testing set. Both training and testing sets were converted to time series.Model was trained (Forecast package is available for an exponential smoothing purpose).Verification that the model was sufficient and could not be improved (Ljung--Box \[LB\] test was used to assess residual autocorrelation).

All analyses were performed in R for Windows 3.4.3. A value of *P*\<0.01 was used to indicate statistical significance.

Results
=======

Overall, we collected 38,676 surgical records from 37,897 patients diagnosed with SDD (ie, CDD, TDD, and LDD). Among them, we found 779 patients whose disease involved various spinal segments and therefore underwent multiple surgical operations during the study period. We focused on analyzing the 37,897 patients who underwent surgery for their SSD, distinguishing them according to the affected site (cervical, thoracic, and lumbar).

CDD and LDD comprised 49.60% and 47.81% of all the affected sites, respectively, and TDD accounted for only 2.59%. The differential distribution of the SDD subgroups was assessed according to the patients' age and sex. The female/male distribution of LDD and TDD were similar (24.57% vs 23.24% and 1.18% vs 1.41%, respectively). In the CDD group, however, 17.74% were female and 31.86% were male. Most operations were performed in patients 41--65 years of age: 32.74% for CDD, 31.37% for LDD, and 1.93% for TDD ([Table 1](#t1-cia-14-361){ref-type="table"}). Further analysis of the distribution of SDD by age showed that it was similar at every age group: CDD (50.0% at 19--40 years of age, 50.0% at 41--65 years, and 50.0% at ≥66 years) and LDD (49% at 19--40 years, 47% at 41--65 years, and 48% at ≥66 years). However, the percentage of TDD was slightly higher in those aged 41--65 years than the other two age groups (2% at 19--40 years, 3% at 41--65 years, and 2% at ≥66 years), as shown in [Figure 1](#f1-cia-14-361){ref-type="fig"}.

Further analysis revealed that the gap between the sexes regarding the spinal procedures narrowed over the 14 years of the study. In 2003, only 37.59% of the operations were performed in women, which increased to 46.41% in 2016, and the trend continued (linear regression: β=0.007, adjusted *R*^2^=0.80, *P*\<0.01; [Figure 2](#f2-cia-14-361){ref-type="fig"}). In addition, the mean age at the time of surgery for all SDD patients increased from 50.65 years in 2003 to 55.29 years in 2016, with an estimated annual increase of 0.27 years (β=0.27, adjusted *R*^2^=0.82, *P*\<0.01; [Figure 3](#f3-cia-14-361){ref-type="fig"}).

In 2003, 29.61% of the SDD surgery was carried out in patients aged 19--40 years, but it decreased to 13.03% in 2016. Comparatively, the proportion of spinal surgery performed on patients aged 41--65 years showed a slight increase (from 59.91% in 2003 to 66.92% in 2016), and a more conspicuous increase occurred in those aged ≥66 (from 10.48% in 2003 to 20.05% in 2016).

The mean hospital stay decreased dramatically during the study period -- from 18.76 days at the beginning of the study period to 7.79 days in 2016, representing a fall of 0.78 day per study year (inverse proportional regression, *P*\<0.01; [Figure 4](#f4-cia-14-361){ref-type="fig"}). During the study period, there was a significant increase in the overall number of operations for SDD -- from 878 in 2003 to 3,277 in 2016, with an average annual increase of 12.32%. The number of spinal surgeries showed temporal variation (HW time series analysis: LB test *P*=0.18; [Figure 5](#f5-cia-14-361){ref-type="fig"}). Taking a deeper look, the time series data showed that the increase in the number of surgical operations during the study period was not stationary, but exhibited an ascending trend and seasonal behavior. The number of spinal operations always peaked during the winter and spring months (the highest numbers were during March, April, and November and the lowest number was in February).

Discussion
==========

This study identified a significant increase in surgical procedures for SDD at our center from 2003 to 2016, with an increased mean age at surgery and decreased hospital stay for the surgical procedure. The gap between the sexes showed a narrowing trend, with the women accounting for an increasing proportion. We also identified seasonality as a factor in our study, suggesting aggregation of procedures be undertaken during the winter and spring months.

The Department of Orthopedics, Peking University Third Hospital is the largest spine surgery center in northern China, and thus likely represents the overall situation with surgical procedures for SDD in that region. Most of our findings are consistent with studies performed in other countries.[@b2-cia-14-361],[@b7-cia-14-361],[@b8-cia-14-361] The trend for increasing spinal surgery has been identified in many countries and health care systems.[@b2-cia-14-361],[@b9-cia-14-361] We also observed a shift in age to an older population for spinal surgery associated with an increase in the mean age at the time of surgery. The underlying reason for these changes could be aging of the population, which has been on a severely steep incline in China, as well as the overall improvement in the diagnosis and treatment of SDD.[@b10-cia-14-361] Other factors may also have played a part, such as more sedentary lifestyle, increased public awareness of health, and the rapidly rising rate of urbanization -- the "epidemiological transition" -- reflecting the evolution from parasitic and infectious diseases to chronic and degenerative diseases. SDD is one of the leading causes of visits to physicians and utilization of health care services in developed countries,[@b2-cia-14-361] conferring a huge burden on social and economic resources. The rapidly ascending trend of spinal surgery for SDD observed in our study may attract public attention to this chronic degenerative disease.

We identified a narrowing gap between the sexes for surgical treatment of SDD, although the percentage of men is still higher than that of women. Some studies have reported no differences in the incidence of SDD between the sexes,[@b11-cia-14-361] and a study in Korea showed that, among those \>60 years of age, women are at greater risk for having SDD.[@b12-cia-14-361] Similar findings have been reported for England that hospitalization of female SDD patients increased more rapidly than that of male SDD patients.[@b2-cia-14-361] This trend may be attributed to the longer life expectancy of women, as the average life expectancy in China increased by 4.94 years from 2000 to 2015 overall, but increased by 6.10 years in the female cohort.[@b1-cia-14-361]

We also identified an interesting seasonal variation in our study. The SDD surgical procedures were performed mostly during the winter and spring months, with lesser number of procedures done during summer. It is reasonable for us to deduct that the time of the surgery might have been the surgeon's and patient's choices. Other studies revealed that the risk for SSI is higher in summer than during the remainder of the year.[@b13-cia-14-361],[@b14-cia-14-361] In contrast, another study in Japan showed that SSIs following spinal surgery are significantly more in April.[@b6-cia-14-361] Other studies failed to obtain similar results, and some even had contrary findings.[@b15-cia-14-361] Hence, so far, there is no consistent view on whether a particular season is a risk factor for an SSI after spinal surgery. Our study showed seasonal variation, but it will be up to future studies to determine whether SSIs after spinal surgery follow similar fluctuation pattern. The answer may influence our clinical practice as to whether we need more perioperative measures to control the possible high risk of SSIs during a certain season.

Our study had some limitations. First, because of the one-center data set, possible bias may exist. However, considering that Peking University Third Hospital is one of the top spinal surgery centers in China and our results mirror trends identified in other studies, this study likely reflects the overall situation in China. Second, based on the ICD-10 diagnosis for defining SDD, this study lacks radiological evaluation for these SDD patients who underwent surgery. Nevertheless, there is evidence to prove that the radiological degenerative changes are not necessarily associated with symptom severity, uncontrollable pain, or neurological deficit, which are the clinical indications for spine surgery.[@b16-cia-14-361] Third, our study does not directly address the underlying reasons for the observed trends. The study revealed only the real-life situation from a large data set, although numerous factors have been suggested that could cause the trends we found, including the urbanization of China in recent years, an increasingly sedentary lifestyle, and a growing aging population, among others. The trends identified in this real-world study may require a factorial study to better understand the driving factors behind them.

Conclusion
==========

This investigation identified an increasing trend of spinal surgery in China and addressed the issue of the increased mean age of the patients undergoing this surgery. Future studies could focus on the underlying reason(s) for, and associated outcome(s) of, the seasonal variation in spinal surgery. Meanwhile, awareness of the trends may attract public attention and strengthen the primary prevention of SDD in China.
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###### 

Surgical operations for spinal degenerative diseases, by patients' sex and age

                 Category                             CDD n (%)        LDD n (%)        TDD n (%)
  -------------- ------------------------------------ ---------------- ---------------- ------------
  Sex            Female                               6,724 (17.74)    9,313 (24.57)    448 (1.18)
  Male           12,073 (31.86)                       8,806 (23.24)    533 (1.41)       
                 Chi-squared test, *P*-value \<0.01                                     
  Age category   19--40                               3,511 (9.26)     3,447 (9.10)     120 (0.32)
  41--65         12,407 (32.74)                       11,888 (31.37)   733 (1.93)       
  66+            2,879 (7.60)                         2,784 (7.35)     128 (0.34)       
                 Chi-squared test, *P*-value \<0.01                                     
  Total          SDD                                  18,797 (49.60)   18,119 (47.81)   981 (2.59)

**Abbreviations:** CDD, cervical degenerative diseases; LDD, lumbar degenerative diseases; SDD, spinal degenerative disease; TDD, thoracic degenerative diseases.
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